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especially located real-world contexts. In the study described in this paper, the pedagogical impact of a curricular intervention involving network-supported function-based algebra implemented in a high school in Singapore is examined. This experimental design study looks at how the intervention influenced students' conceptual understanding of key algebra precepts and impacted their performance in an achievement test.
Defining Algebra and Challenges in Learning Algebra
Bass (1998) has defined school algebra to be involving the following four main elements:(i) basic number systems, such as integers and real numbers, (ii) arithmetic operations (+, -, x, ÷) on these number systems,(iii) linear ordering of numbers, and (iv) resultant algebraic equations. Carraher and Schliemann (2007) have argued that algebra is inherent to arithmetic and that arithmetic has an algebraic character to it. They have defined algebraic reasoning as the psychological processes involved in solving problems that can be expressed using algebraic notations. Motz and Weaver (1993) posit that algebra is important to learn since it is a mathematical bridge that connects all the branches of mathematics to each other.
For many students, algebra eventually becomes a stumbling block to the study of higher-level mathematics (Bellisio & Maher, 1998) . One reason for this is that the students do not make a smooth transition from concrete arithmetic to the more abstract ideas in algebra (Spang, 2009 ). Another reason is that traditional algebra, due to its terminology and use of symbols, has been likened to a foreign language and, therefore, is more difficult to learn (Usiskin, 1999) .The importance of algebra is minimized when algebraic ideas are presented as separate independent facts or as "a collection of tricks". As a result, students frequently fail to see their relevance and connection (Thorpe, 1989) . To encourage students to learn algebra within the context of the bigger picture of mathematics, algebraic concepts should be presented in relation to real-life (hyphen) situations (Spang, 2009 ).
When to Teach Algebra
According to Usiskin (1999) , traditionally, algebra has been formally studied by students from grade levels as early as seventh grade and as late as college. He recommends that formal algebra be taught at the eighth grade level with a strong preparation course as a precursor.
Prior research brings to light the difficulties middle-and high-school students have with learning algebra: Students focusing on finding particular, fixed answers; not recognizing the commutative and distributive properties; not using mathematical symbols to express relationships among quantities; not comprehending the use of letters as generalized numbers or variables; having difficulty operating on unknowns; and, not understanding that equivalent transformations on both sides of an equation will not impact true value (Bednarz, 2001 ).
However, in recent times many mathematics educators have argued that algebra should be introduced much earlier than its traditional appearance in high school courses (Carraher & Schliemann, 2007) . The National Council of Teachers of Mathematics (NCTM) (2000) recommends that the teaching of algebraic ideas be included for all grades beginning from pre-kindergarten through high school (2000) . NCTM suggests that teachers can then help students build a solid foundation of understanding and experience in preparation for more sophisticated algebraic work in the middle grades and high school (NCTM, 2000) . Kaput (1995) advocates that algebra be weaved throughout the K-12 curriculum to add greater coherence, depth, and power to school mathematics and prevent late, isolated, and superficial high-school algebra courses. A deeper understanding of arithmetic concepts requires students to make mathematical generalizations that are algebraic in nature (Carraher & Schliemann, 2007) . Bodanski (1991) is of the opinion that the algebraic method is the more effective and natural way of solving problems with the aid of equations rather than arithmetic methods.
Current Traditional Methods of Algebra Instructions
Algebra as a teaching subject in high school has been defined in a number of ways and viewed through different lenses, but primarily as follows.
Algebra is used to model reality (Moses & Cobb, 2001 ); 'standards' documents. The curriculum is a list of topics the teacher must teach within a certain period of time. The common response to teaching such a curriculum is for teachers to mechanically "explain" the concepts and how they are used by giving examples. The explanation often involves considerable use of manipulation of symbols, which is followed by student practice on standard textbook questions in class or as homework. Kieran (1992) has described that algebra has traditionally been taught as a cycle of procedural-structural steps. This approach focuses on memorization of rules and procedures, as well as the manipulation of symbols.
Without a well-grounded understanding of why, the rules may seem meaningless to many students. Moreover, when the rules get mixed up or forgotten, students have no prior building blocks of understanding to refer back to. These rules are usually taught in bits and pieces in isolation from each other (Davis, 1994) . Consequently, students are unable to assemble these small bits and pieces of ideas into a meaningful larger whole that will give mathematical power to their thinking (Davis & Maher, 1997) .
Criticism of Traditional Teaching of Algebra
Kaput (2008) states: "The underlying goal of early algebra is for children to learn to see and express generality in mathematics." Unfortunately, many teachers who were taught algebra in the traditional procedural way adopted the same methods when they taught the subject in their classes as they know of no better alternative (Pan, 2008).
The result of such an approach results in students resorting to memorizing rules and procedures to cover their lack of understanding, and they eventually believe that this activity represents the essence of algebra (Kieran, 1992) .
Historically, the traditional ways of teaching high-school algebra have persisted with a few minor changes resulting from the advent of manipulative and computer technology (Dossey, 1997) . Burrill (1995) offered the following explanation on why this trend continues: There is an institutional tradition about algebra. The school community and the public have expectations about the content of algebra, and they do not lightly accept changes that conflict with these expectations. In addition, tradition has imposed a sequence on the subject that teachers find hard to modify.
Need for Reforms in the Teaching of Algebra
Given the centrality of the topic of algebra in the implementation of secondary mathematics curriculum, improving students' learning outcomes related to the content of algebra is perhaps the single most need felt relative to secondary mathematics education. Hence there is a need to re-think the design of pedagogy in the teaching of algebra curriculum to move beyond addressing performance shortcomings with just-in-time remediation. Better approaches have to be identified to enhance students' outcomes in the learning of the subject of algebra (Stroup, Carmona, & Davis, 2005 ).
Kaput has outlined three dimensions of reforms for algebra to make it more accessible and relevant to students (Kaput, 1995 What is a Function-Based Approach to Teaching Algebra?
In part because of availability of technology such as graphing calculators that enable links to be built between input-output tables, Cartesian graphs, and algebraic symbols, one popular alternative to the traditional teaching of algebra curriculum is a functions-based approach (Kieran, Boileau and Garancon, 1996) . Rather than organize school algebra around the continued study of numbers and a long list of symbolic manipulations, this approach organizes introductory algebra concepts and skills around functions, their representations, and operations on functions (Chazan, 1999) . The function becomes the central concept around which algebra curriculum is meaningfully organized (Yerushalmy, 2000) . Taking Rather, what it suggests is that such an approach offers more opportunities for students and teachers to engage in inquiry-based learning. Themes explored were anonymity of data submission to the group, the ability for students to see their data displayed in the group space, the ability for the teacher to instantly assess how all students are doing at any time during a lesson, and the ability of the network to let all students answer all questions. Such synchronous classroom knowledge sharing systems were found to have the potential to allow for greater equity of input, reduce academic anxiety, increase teachers knowledge of student understanding, and improve student participation
Classroom Network Systems

Generative Design and Activities
Generative design looks at turning tasks that typically converge to one fixed outcome, e.g. Generative design attempts to address the biggest shortcoming of traditional mathematics instruction of doing mathematics by following the rules laid down by the teacher and knowing mathematics by remembering and applying the correct rule when the teacher asks a question (Lampert, 1990 
Research Methodology
A q u a s i -e x p e r i m e n t a l s t u d y d e s i g n i n v o l v i n g nonrandomized, pre-post intervention study was utilized in this study. This methodology was adopted since it was easier to set-up as it was not logistically or access wise feasible to conduct a randomized controlled study (Gribbons & Herman, 1997) . A coding key was developed as a guide to coding the test responses. Coding was done by a small group of codersall using the same coding key, and was later verified by one chief coder in the research project to maintain inter-coder reliability. A total score was computed for each test and each student, and this was used in the ANOVA analysis that was later carried out. A gain score (= posttest totalscorepretest totalscore ) was computed and used as the dependent variable. Pretest totalscore and PSLE scores were used as covariates in the statistical analysis.
Results
ANOVA test results on 2010 test score gains ( Table . 1)
The ANOVA test showed a significant treatment effect of the intervention on 2010 test score gains (F(1, 527) = 59. 
Discussions
The data analysis results inform that the intervention did have a significant impact in improving students' performance in the given algebra test. Since there was a concern that participant students from the two schools may not entirely be of equal academic abilities as the covariate of PSLE score did have an impact on test scores in the computations (though the effect size was considerably small), an ANOVA test was run on the PSLE scores of the students from the two schools and the results showed no significant difference in the PSLE scores. This could act as a confounding variable in influencing the reliable measurement of the treatment effects of the intervention on students' algebra test scores. To mitigate the possible effects of this factor and increase statistical (Table .2 
